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(54) METHOD FOR INFERRING FLOOR REACTION FORCE OF TWO LEG WALKING AND MOVING 
BODY AND METHOD FOR INFERRING REVOLUTE JOINT MOMENT OF TWO LEG WALKING AND 
MOVING BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of 
precisely grasping a floor reaction force acting on a leg body 
of a two leg walking and moving body such as a man and a 
moment acting on a joint of the leg body on real time by a 
comparatively simple method. 

SOLUTION: Whether a movement condition of the leg body 2 
is in a single leg support condition or a both leg support 
condition is determined, and a floor reaction force F acting on 
the leg body 2 in contact with the ground is inferred based on 
a movement equation of center of gravity GO of the two leg 
walking and moving body 1 when the movement condition of 
the leg body 2 is in the single leg support condition. When the 
movement condition is in the both leg support condition, floor 
reaction forces Fr, Ff acting on respective leg bodies 2 are 
inferred based on the movement equation of the center of 
gravity GO of the two leg walking and moving body 1 and a 
relational equation between components of the floor reaction 
forces Fr, Ff of each leg body 2 and a position of an ankle 
part 12 of each leg body 2 for the center of gravity GO of the 
two leg walking and moving body 1. 
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[ mm ] tmmmmrj: mi vAmm<D=is.mmmW(D 
[ mm^m ] mw 2 (ommmm-fyimm-^mmv * 5 

9i-iL—^m=mmw 1 ©*.c>G0{c>tt-rsg-)Bi#:2o£ir 




1 

■r- -J rj-t , 'pf£ < i ^>-iriSi^W3^f#tt,^fcfca^r^W* lo 

mm L- r c ^ s mmc i'^m-r^ mmmfxtj i k j; o « s n 

MWtt©^n'en{cfiHffl^2.Btjia;^s:^i«cj:!3^3n 20 

•r s fig i iswf^tc i^mr^ nmrn^t) i 
mm^mx^it -5. c i ^itmi -r ^iL&mmw}{^<Dm 

o^S:^ft^:^?i„ 30 
W#®Tg|5cD±T^f^ ©finite 6 ti^ 0 ^-^tbtcWi^ 

mi^m-r^tLx, m^-s.m=m»w<Dmmim^ 40 
nm-r^ c t ^mmt-r^m-^m 1 x»2 latgo-js^ 

[ii3}?3i4 ] mtmmw±.fic^mwo:>wtmw^^fti^x^ 
uniUKi *^ti^nitS'j-r 7- . Miaur 2 

Wk(Dmi*^0)mmt^tUXm:UXrj::f,m#V>i'^y')l' 50 
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2 

t . smut y > i^^r'jKo^mimcMfZ^-r^^fimm 

{isi(c»':jir . Miaaji,'=^.ic^^-r ^Hfiiazia^jf^isi 

^.^^Jt' - 5? {c ^ i^asi,-^, k *t-r -2. tes-c^© aas 
^MA^H). •e©»j».>^.{c*t-rsi**'i:^©fioMai. m 

1 - 3 ©t»-rn*:> 1 :«{cia*i{©— s^tf ^iiit*:©^ 

c i i -r ^fs*ii 4 tat8©-s^tf fp«i<*©j^s 

[8l5l?J16] MiePJ#5*. 9fiiaWWf*:{Cfl3IIBgi5«r/M-r 
(C)?t- -SiaSRi ^Wt- . H«ia*'i:>©{4g*:^*b^fca5Cc 

ffli- ^ -ss?ia«^©MMftKtJ . HMiaiigPRaiagB©^^ 
^n©«*4:^sr-* ^ct ^mm. t -r ■6i«*^4 x» 5 

»if*©swi*©Kr^gp©Tffliioc#-r s tmsp i . mm 

i5SC>'mtB^Mgp©ra©AISg|3i, fiiiaKgPi. iglKSP 

©±f|ij(c (?-r s tffiaKgp^-^ti-if^gp i ^-en^npnf* 

»S©-S^tf^I!j#:©.BRJS;^fi^:^ffio 
[i#*ii8 ] iij^ii 1 -3©t>-rn*^ 1 liJcfats©^^ 

ft{cf^^§;^S:^©}i^<ii€fflc^-CH«fa-ss^tf#ii)i*© 

mriai^»{*±^c ^mit(Df&tmm 'S:^tLx^msri tanw 
(ommnm.t. mni&m»<op>tj:<ti>f^mmRz>mm 
is©-€-n^n©®ft^Si . Mr.^mff^mw(D$>(bi}^ 

^n^nt+ifl-r x -r- 7' i . 

MfBlfi«:©<^ft)S<!:. OTfaSW(*©)iaMg5RO'IB?Mgp 

©^ n^n©® ftft e i . mMi-jimmmitimmco 

-5*, ^HJ^y >5'*7'Ji/©^HiIf*K*fit;-r.5=iS^tf 

^s(i»©Si!W(*taagi5®«*4fta!*^'X5}?j?)^xf y 7' 

t?rfB§wmassf5©ffiMft Si s-WH*ta^gi5©s> 635^ l; 
is6^i* fc*a i mmmmm(^c *>- t-f § i^Mf*tB^ sr© * 

-r €. spoijf*t9Sg|5©a.c^©fiig ^ M;i*:3}c4t. s i ^toc . -e 
iss*.>sfc>tt-rsspfflftfflsg|j©s>i:>©ffl]3ssi. ma 



(3) 

3 

d^, 10 

SRD'mMiJ<*tB^a5©ft}3naSSi . SMi|f*ffi^gl5©MI4 
ftgi . SK8f*ta^g|l©ife 6*^ Dto5j<dC>/c**St>'-9- 
Xi, SWf*tB^g|5{Cfct-t5tt0!lftffl^g|5©*6*^D* 

*fefca'L^©fiigi , SWfttl^gP©$)e>A^Di**tofc 

— S^^tfS*!jtt©^W{t:©J>^=: < i 4j--'J©M8i5tcf'?ffl 

SIj^©^®*- ^ > h Ji5E::^S„ 20 
[11*119 ] 1**114 - 7 ©ti-TfiJi^ iJi{cia»g©r.s 

%hm.wioM.mm:m^ ^ -cMia-s^tf ^iii(*© 

t«ia)Pf*©Ma4ftS<t. flaia&«if*:©a§B8fi&SD''^|1Bgi5 

©-en^n©isftft(Si, friaw*'; >i'*7=;bi{cs 
i*H«*U > ^^^^-^(^©SMmc^tiD-rsnE^tf 
^itrf*©SW1*tg^g|5©HtsaM*t^«^(c *i i-f .5 

(S^ 3M^J>:*i6 ^ X -r y 7' i . 30 

d5*25fc«M i SMiJ(*tsaga(c 4 KWft;tB^g|3©« 
©S'C^©fig^ii;X*;*?. i^ttc, -e©SW(*:tB^g|l© 

m'i:>©fig©B#^?ijf^ - 5? (c»-c>#ftsaiijsjc.>ft-r s s 
i^s^.-stc^t-r •5#aftffisgp©s>i:^©tt]iiffii , Mia 
«3^{cfcw^§ra!ii*:ffl^gp©S'i:^©fln3ia4S^x*i*'& 

:^7-'j-:ft, 40 
BviaSRiJf*:+a^gr>©<iil4ft)g©B$^?iJf^" 3? tca-:J#§ 

mmrLi^mm9h^<Dmmmmt L.r©s-»tt®:*:)E8 

g|5©Mi4ftSi, i^Wf*©)^MiS©Milft^i©^^© 

f*©^S;'3{^fl3*©}i^{4g;&^;;(:*2?)^ :^7^'y:ft^ 

fix, 

wrta;*f3::^©Ji^tt<t , wiam)S:^if'p^,';S.©«^fiM 
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*«i)fcS.C^©{>igi , &iiK*tBaa3©A 6 Ceb^^tc 
> F i*fflt.^-Cjtfti^^-t7^;Kc«-:)*fria 
-S^ff ^«l»©*)W«c®d>^c < i ^>-o©Mgi5K:f^ffl 
■r -S ^ - ^ > h ?:}t^-r C i >&!NFm i -r -S — JS^tf^ 
lti^*©MgS*- ^ > h 

[ffeB^©Pifflife8ftH^] 

[0 00 1 ] 

Cirz:SMfSibf*©W*©M®i(cf^ffl-^--S't"^> h 

[0 00 2 ] 

[ ^^(DWM ] ^J;t AP^©*tTl!!f1:*TO-r myr 

(Dmm^mjiom^. Am^p-^mfu^^-:, h(Dmmc 
imt?>m^^ (1*0 <«, ittift:©«tftg6{c)**:>p,{^ffl 

^JES-r 2- c i r . r:Si^tT^itift©Wf*©Mgpicf'Pffl 

II ^jftS-r ^ C i sjtfe i a , 
[0 00 3 ] Bfria;35J5:^**efi-r-5.^ffi<i: ur«. 

K#Bg2000-2 49570^ 2^#BfC^l^f^ 5 nr C ii>©A^*06 

nrt,^^, c(Dtmvit. ^s*tf^«)f*:©sswnc* 
tfii#{c§)B#©fRS;'3©iSffi5F^{b©-<gfl5*iJ^WiW{c^^b 

(n = i, 2, •••) ©aii{csfj:?>jgifig^w-r^?g^© 

a„ C©JS^. J8l^©Hl^MI^*^)?j5-rS^©#Hft^ 

[0 00 4] LiPl^tjit^h, ipii^^mmX'U. — S>^'(f 
^«)f*©-i^5)-*>L' < tt^gl5:^&5>(coi^rW$©^s::^ 
?:JE«Lct:^i-rat©-C4>^/-cs!). -S^'ff^iJii*© 

t&m-t^ctitmmn^^. t.tc. fEMsn-s/^s;'?© 
— Si^tf#Kif*©^(*:^©iiiP*^^c< L-c, ms;^^ 

[0 00 5] * ft:. m^it=.&mfU^':, KC*it,>-C 
tt. SIWf*©SmR-^S¥SI3{(: 6 #;'3-fe >l^-^©^-fe > 
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[0 0 0 6] OA^Li-j:Ai(i>. /j42>-y-^fflC^aj$»j-C 
[0007] 

s.mfmmi$ i L. r o AP4 icf^ -5, /^s:^ ffiJir -s> it? 
[0 00 8] 3 -^©j5KR;^©}t^fS*ffii^rM* 
r fES-r ^ c i *i r ^ 5 r s^'fT^iSif*©^© 

[0 00 9] 

[0010] -S#tf#t!jf*<DWf*®Mt[)R^. (?iJx.» 

J: ^ ic-^mrmm i ©m»p(* 2 , 2 © -5 *i cd— 77 w 
Wf*:2 (iari3:jitf?3fS)-C9<jfPJJ©»Pi*) ©^^f;55g^tte-r^ 

miwsmRiii. 01 (b) !,cn'^-rj^oi,cmmw2. 2 
[0 0 1 1] ccr. wmmm^mxmic^i<^ 

(i¥L< «*-c^<Da6jl«l^licM-rsiIitI:^fi^) si. it 

». mtfai (a) iCrn-Ti^tc. eRAtc^urB^ 

"CFfx+Frx. Ffz+Frz- 
1^. S(3)4J©ax, az. M, g ©#,l!*{*mfKli© i *i 

[0019] *m#6Hj^^©*nm5c laiw 

Ff. Frii, ft^a, 01 (b) OC^n-rjr-^tc, SW* 
2 , 2 ©T*wgRJfif#®#«g|3(i I 2 f. 1 2 r (PH^tf J£ 

.L^G0{C*t-r^&BP«:2 . 2 ©BJiai^ffigPfi 1 2 f. 12 



* GocDj)njijSa®x*if:)^f6i (.-^mmm{^ i ©iiff* 

^tiax. az. Jti1feL'-Ci.^a»Pft2 (3tf#WffliI©Wf* 
2) cc«^j5Sjg;'jF©xi4:^[6]. z#::;^r&j©fiS»^-en 

-en Fx. Fzi *$<<!:. S'ii^Go©att:^feiett. 

( 1 ) icJ:f3«Sn-5o 
[0012] 

'CFx. Fz-M • K) = M • '(ax, az) (1) 

(fib. M : r:s^tfSit)f*©«fi. g : mtsmmg.) 
10 [ 0 0 1 3 ] t^a. (1 ) 4'©M2©Jsasi55>' ( , 
) u2m.^(D-^-!p \-i\'^Mm\^xi.^i>, -^mmm-cit 

[ 0 0 1 4 ] t¥-r>r . r.S:mf^mit- 1 ©*'i:^Go©/n 

3SSa = 'Cax. az)€:fl5®-rntf. ^(DnmSLat. 

— s^tf ^«ri* 1 ©ssM©«ii , mtimmsL g ©« i 

^rfflt^r, ^XS; (2) CCif). J^JS;^F=' (Fx. Fz) 
©fi«ffl*f#^ C i 7i3-C# 5 C i t i^C €.0 
[0015] 

'(Fx. Fz)=M-'Cax, az-g) (2) 

20 [0016] com^. mK-tjF <Dm^m^mi>fcibic 

f)^r:^?>, *fc. S'DG0©f4g-?'SDaiSaCC-oi^-C 
-9-. i^i-'i' a-fe>if^©42>-!f©til;^«:ffl(.-ri>*u©^ 

[0 0 1 7 ] mmmmmimm<.a6i.i ^~S:mf 
^«if*©S'i:^©ji«j73fi^ (If L < amMcoitmrnmi^c 
m-r^mmijm^) sj, ^*^G>©tt]aeiz:£#tf#if) 

30 ft©** i ©Sl*i. ^M'C^tcfpffl-r 4 ( = -S^tf 

^ijif*©sfixs;^flnag) i, ]SiWf*©^n^ti©« 

6z:-5©)^jg:^) i©^:;>3{c^Li.^ii^^Mi^5S;5i:^f 
^„ Sf*9<3CC{i. mi (b) fc^R-TcfcOic-S^^tf^Sti 

mXZmmf&^^F fx. Ffz, fMiJ©Wf*2{Cl^S* 
S:^lFr©XZ)l«gc53'^Frx. Frzi*$<i. M-C^GO 

(ommifm^ii. -^x^ (3) (cj;fj^3n-5.„ 

[0018] 

5K40 

M • g ) = M • C a X, a z) ( 3 ) 

r©(4gi, SW{*2, 2{C<'Fffl-r-S.)*iS;'3Ff, F ri 

(Dmica—mcommm., -r^c*?^, B?ffBS>DGo<bs»ii 

f*2, 2©1t5£gp{43 f, 3 ri^$£A.S5?©rSl# (ItM 

C^Gotc>f=t-r^S#Sg|5fi 3 f. 3 r©fig--i h ;u©rS] 

^) 55mWf*2, 2<,cm^m^tlFf. F r<DfSl-»!,cmL 

[0 0 2 0] Mi^micu, la 1 ( b ) ^mRur. mta 

50 Zq) . mrWI«lf*2©^$Sg|J©3 f©f4g©l$«l?r (X 
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P. zf) . ^im\mw2am^miiL3r(Diim:comm^ 

(Xr, Zr) t^< ±n^(Dm%^WX^ (4) ttj:^ [0 0 2 1 ] 

(Z f - Z q)/(X f - X q) = F f z/F fx 
CZ r-Zq)/CXr-Xq)= Frz/F rx 

( 4 ) 

[0 0 2 2 ] -eor. CCDS; (4 ) iBuiE^ (3 ) ^[0 0 2 3 ] 



(5) ;i)^f#6^^o 



Ffx=M- {AXf • CAZr- ax-AXr- az 

-AXr- g)} /(AXf • AZr-AXr- AZf) 
Ffz=M- {AZf • CAZr- ax-AXr- az 

-AXr- g)} /(AXf - AZr-AXr- AZf) 
Frx=M- {AXr- C-AZf • ax+AXf • az 

+ AXf ' ^)} /CAXf • AZr-AXr- AZf) 
Frz-M- {AZr- C-AZf • ax+AXf • az 

+ AXf • g)} /CAXf • AZr-AXr- A Z f) 



(5) 



[ 0 0 2 4 ] fi£or . r,s^tfS«&(* 1 <D«>i:^Go(D»p 

jliSa-^Cax. az)^ffiJlT^<t iSCC. r.S*?f^? 20 

iijf*icDs>i:xGocc>ft-r^&w*2. 2<D^ti^ti(on 

^gR{43 f. 3 rCDfig ( entity ( 5 ) r^SAX f. A 

Zf, AXr, AZHcj:^)m^n^) ^iEMrti'd. ^ 
(Dmmj^ a JSLZ/n^miiL a f . 3 r(Diiim t . nf^mn^ 

mria^ ( 5 ) J: D . &KPf*2 m<Dm:f^jj f f = ^ cf f 

x, Ffz). Fr=^CFrx, F rz)CDti^<ii*f#^ C i:Olr 

[0 0 2 5] com^. mm.-^Ft f r<Dmmm^n^ 
tes. i*a>c^Go^c;^:^-r^Sfria#^gRfi3f, sroim: 

[0 0 2 6] i^j.±Mmbfcct^mmtLx:. ^mn^ 
nfcmMmumx(Dmm^\:-(DmMm^m:x>^^?>m2 x 



AZf=Xf-Xq, AZf=Zf-Zq. 

AXr-Xr-Xq, AZr=Zr-Zq) 



icso's, mmLxi.^^mmci'j^m'$'^mmmf^t}com 
mm^mx^^. mndnSimmmito^mm^mifMx 

iEm^L^(Dmmm. t mm W(d ^ ti -e c {^^m m le/s s 
f4omiies^Doc.*t"r -5 fig i mmw^c^m-^ s mri b/^s 

[0 02 7] i)^i)^^:i^mmJ^inU. 1512^ 1 

\-mxhi>i)mm%w\mx;^^i)^f)mm^ti. ^ne 
i'^m'r?>mimm.t}<Dmmmf)mi^hin^ (S; (2) # 

[ 0 0 2 8 ] ^/c, ZlJ£^tf^»f*CDWJ«I1^^t^Sgr 

(3) #BS) ^mi^(D^^^^m(Dnrmm^c^(^cM^ ^ 

(4) ) iccs-^i^r. ^.^^tf#«r»<D«M. 

:fd<Dmmmf)^^^hti^ (5) #m) o f^. mm^ 
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[0 0 2 9] c(Dm^, mfxti<Dim.m^>i<^i>tci^ic 

C 0 0 3 0 ] 8£o-C. *^B^©fi5Jg;^;tf^:^SfcJ:ti 

[0 0 3 1] *^/&^s*^Bg©*S:^M^*ar«. Huie 
^mt^<Dmm.mmt . KW^©s*gp -c $, s c <t ^^^w jg 

< S:^ * »^ f S c i A^- r # ^ „ 

[0 0 3 2] s^c, ^mMcDrnKtam-fsmvit. mn 
[0 03 3] -Ti^c*?^. r.&mnmwjt^<Dmum (*&tf 

r. ±iaoJ;^.ic«|if*©jift[)#;ej;Sr«»f-rscir, m 
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L -c m^^^icwr ^ ijgp i * w-r J; ^> m-^ic it, it 

»J-rSIPft:®TSI5©±T*l«I(DttIiS)gtt. B«taMg|J©± 

[0 03 5 ] $tc. :^mM<Dmixtimmy^mx:'U, mm 

[ 0 0 3 6 ] -r^cfc.-^. mnmmit±tic^mw<Dfmm 
^^Lx^m^ tifcMitcommn s i . § w*©^i>^j: < 

x. Btriaii2X7-2':7"r«, mffaiff^oftiMftfti, str 
M'i:^©tt]jta*s;x*a6> -e©*i»^&{cM-r s^S'C^© 

[ 0 0 3 7 ] -r^cJD^. -S*tf^«6»fi:{imcS*tt,=^. 

AH-t-c©;*:giia5i , mmmt^(brm<DTmmt<D^ss.<D 

tf^«if* {c *t L r mi f aWf* y > * ^' ;u ( ^1) x. W - 
ff ^ibf*© W«l*©^Mip©±W©BI5^ ( Mt** ^ 
t?) , SWf*©:^)B8aJ, TKSSB^rai^ii^^-r-tf'JL') 

L- /c i * . - £>^tf#«if*©s wfttB^gi5©ma 

i . &Rllf*ffi^SI5iCfclt^i^|l|f*fflSg|5©«,i:>©{ig 

<fi^wmmmm>^m i, ±ia©^^Mi^i«:s-^ 

i>r mrfas**{C)rt-r ^.zisi^tf ssti(*©m'i:^©f4g* 



n 

[0 0 3 8] C<Dm^. ±^(D<k 6 CcnS^tf^I!jit:(D 

[ 0 0 3 9 ] g£->r. -r.^mmmmcmmAmrj:-\- 20 

C 0 0 4 0 ] C CD J; 9 ^c_ljl^ff f?ifjf*OS^i:^cDf±g^ 

cc ;s CD toils * it^lt- ^ 

•fe > -t^^cD -fe > if ^ wftcc^ff-r ^ c i ^ ;^ca?> . 

So 

[0 04 1 ] $;^c. AP0icDj:9jc. mimmmc^mB 

tiwHtt LxmLfc^'f)ix^^cti)mMx^^o 
[0 042] cnic cfcnt^, mcr^^mf^mi^^^Am 

[ 0 0 4 3 ] f^. ±^(D^^(,cmi^(Dm^n^^f)^hm 
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iiLmc^-oxm^j:^o wx.«. mMm'mMiiLf)^^mt^(D 

r^m^ X . mm.^.t^ sggp cc^^ ^tixi^^m^'^at. 
ft ft s i . ^mw(Di^mmRz^Tm^mv' x ( s s ) 

[0 044 ] *^0j<Dz:£^tf#Kif*cDKip^- 
<J: 0 ^;^*i6fcSuiB§W*icf^smjg;^jcD«Ma*fflC^ 

mmm. ^ t)^ h mmtmrn^. 4o ^mmm^w^com^t^ 

m^^\^tLX(D^mit(D±m^(Dmmj^t. mmit(D 
s^m:x^^^:^'ryy't^m^. miEm)xt}(Dmmm 

c ^ X mmti^'e 7^;b m-^ ^ mnErMmmmi*(D^m 
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[ 0 0 4 5 ] 1^, mriBcDJ; ^K. H«iBJ*S:^«5£*!S(c 

ffl-rntfj:t,\ 10 
[0 048] *>*^6*iib^©wSp*-^> 

Hft :fta t ^iti'|-r -s c i r\ -en 6 cDitiUT^- ^ii^h 

[0 04 7] $ 6(C , mrfci#BiJ(*t@^3P©f«$4ftlg©B# 30 

[ 0 0 4 8 ] 3;fc. ^wm^n^m<mmc^u\t. 

©:^Biig|3©Ma4ft«-^. t^«li*:©MMBP©® ftftl^i a' 

ftlKi. MMip©eftllKi©'5^©d>Aj:< i^>-^(c 
S-^L^r. :^S^ff«»^*{cteit.5)5it]S:^jfm*©«^ 40 
{ig**«6 C i Ti^-C # S „ 

[0 04 9] -e . i:ai©J: -5 tc-£^tfs^»)l*©& 
PJmB^g|5©S'C^©ttIifS. i^»ltt:taSg|5©ftttiaS. 
mS;^jfFffl."^.©«Sfig*:^to/c i # . MidmS;^jJi« 
:'7ffi{cJ;05f<es?><5ti-S*S:*)©JiS41i»tt-c, -g-n^ 
©•5=^-^^3ii6, &*D©Wlijl!!ft:^^*7-';U{cS-:5i,»-C 

-en^fSBSB^jtci-^a. — Si^'ff^«»{*©sw(*ts^§p 
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©niteatt (i3si^tfigpimBagii©S'D©@f3©iiie« 

s^gpccffl^-r s-S!^tf #iftf*©^Kg5cc<'pffl-r 5 * 

*S1*-C A -2) i L S»|I^©Tiia5©*t^©afejlM 

mmr^MWiismAvi. ^Tiigp©*'D©«jiiK> 
w*{cf'^fflr5*;s;^;©ft^fii, TSiiH5©aa©fii^® 

t» tmi>. 3 6(c. KWf*©^KgnCcfpfflf -SMffiS 
^»#:©T)lia5©ftJjnafii. S)Wfl^©e^)g;fj{'^ 

m^m%mtLm.t. mmw<DmKti(Dm'm.mt. mrm 
gpicfct-j- sKT^iliP©S'C^©^4gsa'igTIa§l5©t^ -c x 

h ©fiii , !ST«aSl5©MI4ftS©fSi *il?Tffilg|5©HIS 
[0 05 0] Sfc, -§-)«I»©:^!iggP©*'D©afejiil*lCC 

S6<c, igWft©^Mg5R6'^'a§^H5tc-?-n-?-^af'F« 

(S3) imti^h^f-^mt. fe;*ciigi5©igf4*-^> 

h ©ffii , itAaig!5©(iSI4ftft©fiai *KAIS0l5©liIli 

MiB©^ - y > h ?rfi^-r e c i 3!)5r t s „ 

[0 0 5 1] *^5!)^Si^»H^©raap-t-^> h«l^5rffiCC 
J:n«, mrai®*lfeB^©ms:^fi^:^?4{cj:9>|<is?)6*i 
/c^5:;^©JS^ffi*fflt, ^rM*©Mffi{cf^ffl-r -5 -t- ^ 
> F- ^WMt^ C i Cc J: 0 , nS^f ^l»«^fcJ:b*5fl<J:^ 

[0 0 5 2] 

[^B§©^sfe©ffj.^] ^¥&m<D-mmmm^mim 1 m 
[0 05 3] :^mmmmu. ^.^mm^wt Lr©A 

[0 0 5 4 ] 02JC^^{tGrir:-rJ:'5CC. AP^ 1 
3S0'lftgP4*^6^cSM*:5 i. 3^^136 i. -*t© 

2. 2©-?-n-en{c£^— *f©flaKif®8. s^/rb-cii 

5 ©IftgR 4 «, Kgp 3 ©±ffliJ(C^Jig|5 3 tC^ft LXAmi 

©if^ffliJ{c«M5I*fecci?Lrt^.5, ^ur> c:©l»i5P4 
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[0 0 5 5 ] ^wif*2, 2(i. mmms^^hmttr^iK 
Kisp 9 i . mAM^^ 9 (o^m^ ^mmmi o^i^Lx^ 

[0 0 5 6] :^mmmmviit. c(oj::^rj:mfSi^mr^ 
Am 1 ©^w*2 ccf^ffl-r^i^s.:^cofi^. $h'>^atm 

[0 0 5 7 ] -TJ^cto-^, JBi*:5<DJftgP4^C^^, Ilftia34<5:) 
-9"! 4 (t(T. Iftia5>>-^'<a'fe>-!f 1 4^1^'^) Jfii 

1 5 <«T. 8agi3Suf^»njia-fe>i^ 1 5 <h(.^-5 > 
CPU. im Ra^:^^61f;3c5n^^*@A!iiMi^g 1 6 

1 4 , jisigpMfg;jniis-fe>-t^ 1 5 . mwmmm. 1 20 
vm^itiy r @^ 3 n 3 ;u 5?' - ^^(DUnm^i 

1 8 CciR^^tl. ISiK'SgPtt 1 8 ^-ftl^xmmA f$ 

[ 0 0 5 8 ] f^. Bmnm^'^iy^ 1 5(Di±i:^;^>>^-^-fta 

[0 0 5 9] $ /c. W*5 (7)8ggP 3 CC('i. JfgP 3 (7:)ffcl$4 
9 (jyT. mSPi^i-^a-fe^iM gii^-^ ) MSRS 
1^2 0 («T. MgPlu^fel^^]iiJS-^^>"t^2 0 <hi^9 ) 
a'fe>i?'2 1 (lyr. iigp±Tftaiia-fe>if 2 i <bi^ 4o 

[0 0 6 0 ] ccr. KgPHMftflnaS'fe>it'2 0^i. i 

P L < tiflagPt?f^^JDilJg42 > 1 5 i f5l+i . MSP 3 C7:> 
»ni^S-fe > 2 U3: . J: 59 1$ L < « . Ilgp 3 <Dm^tyf^\^ 
So 1^. HgSPWf*»niia-fe>-9-2 OR^IfSPiTJJOiSK 50 
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[0 0 6 1 ] ^h^c^mwzmmm^tmmmi ot 

#^*-rSflSBS85ft^-fe>1f 2 2Re:>'^S9g5,ftJS-fe>1f 2 
3:05^«^nro^^. flSM®5ftS^->'^2 2^C-:)l^ 

r {i. 02 ris ^fffM ( AK 1 o:>m^^c\^tf^ ^ r ) 
Q)Wlfli:2 0^^858 CCfi^t:>Sfl$Mg5ftS-fe>1f 2 2 0^ 
7)^11(^5 nrt.^^:0\ ffe:^ffiij (ak 1 cDM:/5"ccf^>o>or 

>it2 2 ^[5|>l:^^c. fl5!MgpftK-fe>i^2 2^^««3nr 

[0 0 6 2 ] cn6cDftjS'l2>1f2 2. 2 3 mtf 

2{C|1^5L'3S:l^>'0 Fgpw^cD^®^/rur»«stir 

ftffiAads. cfc^;i¥u<^s. KgP3 iSWf*2(?:)Ali8 
^P9 t<Dmmm{mm'^<D'r^mm% m^\tAm i cdii: 

m 3 CC>rt T ^ SWU* 2 (DAKP 9 CDfl^^gB 8 0 «3 ( AP^I 
ft ft ft A 6? dS. §»f*2cDAffil§P9 iTffigPl 1 .to 

mmmm^m'&<D':^mm% m^\tAmm^mi^^t^ty 

^^mmti^tc. Ai;i3P9cc>ri-r^Tiigp 1 K^^^^r^ffi 
1 0 mo (apbI 1 (Di^'^-y^mc^^'f ^mmm i o 

[ 0 0 6 3 ] 1^. fi|fd&-fe>tM 4, 15, 19-23 

^rih(D^t}^mnm^&m:i^^cAtir^<. m 
[0 06 4] mt^^nmmm \^\t. 03 tc^-r i ^ 

6 «f SP±T»n3SS-fe>-t^- 2 1 Ot^fctir^- ^ <h . f^iti 
T ^ *S;^Jt«^l5 3 6 ^ 0 6 tifc^mw 2 coj^k 
S:^j(DJt^facDT^--^<t^fficvr. Ar0lic7:)W*2, 2 
<Dai!itt?J?&^^JWlS:f#ttM (HI (a) (DttSg) r*^, 

MHP^j^R^ (ai (b) <ow&) xh^ii^^mm 
-r^M*attwwf^i52 4*(tx.ri^^o ^/c. fasL^n. 

Jl^g 1 6 ii. WSPmif^iJPjlJg-fe >if I 5 RD^lW^Pt^ 
-rn-t2>1f 1 4cDMtB'r-^?:flac*r. JSSIU CD*6?=til 

mnmm\^m.2 bt . M^PM^^^pjl^■fe>t^2 o^z^ 
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[0 06 5] 5 6«c. mmmm^s. i e it. m^mri&m 
MS-b 2 0 &mm^±TM)M&-^ >if 2 1 (D^m-T 

- n tmmmmm^nmmn^m 2 e (c j: mi 3 n/c 

icm^ s ti ?>Mi^m.WM c p ( a 2 CD X z mu ) «7?J!^^.^, 

"Ca,x, a,z)*^isb€.»IS»n»)gtt«l^@2 7?rii;?. 

^<,tAm 1 cD:£^©BSMgp 8 , 8 o-en^ti<Dip'i:>*i§ 10 
[0 0 6 6 ] s fc, mwmmmm 1 e 2 ©ik 

BII®^)S-fe>-9-2 2SO'*)ftMii5fte-fe>1J-2 BCt^^tilT^' 

- ^ i . B«iaHI§Bffli4ft gftSiJ^S 2 6 {C .i: S M§R 3 ® 

ssw* 2 ©Asisp 9 Sj/Tiifisp 1 1 ©-e-n-enoMM 

IIS6>c, 6ici (:a^e5j{c«m5*ifiii:??[nJ{c>rfr.Sffl*4 
ftSec, 9 4 I12#M) *2*^JWfl:^ffUi*©2 8 20 

[0 06 7 ] ^tc. m»mmmm i e w, mnEmmmm 

ft!ti+ifl^©2 5 , |g^i3|tii4ftSiti'l^l3:2 esc^lW^ 

a. M§B3©ftSMftft0b, 3£6'''fCg.W{*2cDAMg|59© 
<^4ftJS 9 cSi^'TlilHJ 1 1 OfflMft^ 9 dOf^^-- $f 

" f * m t- ^ r , ±ia#f*)Sii.^ c p{c if i, Am i 

(*©S.C.©14S*5fcJ&S#($a.CN{igg[tij^|53 0 i , 
•?-©Ara 1 ©^^©M'L^GO m 1 #Mo «T. »i*«'C,^ 
G0it,^-5 ) ©fiS©-T^-5?iBf)ieM*^^mtti^©2 8 

icj: •5>S)Wii*2 ©AMgpg RoTMSP 1 1 ©-en^n© 

^&m» 2 (DwmmiiL t l r ©sw* 2 ©s-g-gR 1 2 © 

*<*:S'G^G0JC*f-r?>{4g (ML < fJiBS; (5 ) tc*5 
tt-SAXf, AZf. AXr, AZr) ^.^i&.5Mttf>ige 

ta^ss 1 i. tSiia#i*a-i:»f4K»ti}^^3 ofcj:s» 4o 

J; 6#f*^«^C p©)^,'#.0©^]D3iJS a ,©7=^- ^t^m 

'(.ax. a z)Cl3 1 #M) ^*fe^##:*'C»»[IiESISCffi^ 
S3 2 i^rmrt-^ao 

[0 06 8] 3 e.{C. M^MS^g 1 6 iriE&gPS 
'i:>fcig#m^f52 9 {c J: § ARB 1 ©#lll»+aag|5©«.C^ 

©fig (i?o< 5iBlI^*2cc^^^^^ilJ^*tg^g|5©S'l:^©f4 

lS«IRCp©l^,>50©ftnMSa,©7'-^ri*ffll,>-Ci^ 50 
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mm^.c misi-f ^^m» 2 (D-A!sm 9 Ro'resp 1 1 
©^ti-en©S'C^©tt]SiS (ifejuniss) 
^gp/jnaiKmaj^ss 3 i , H«iew*^^#ai^S2 s 

{Ccfc ^SWi* 2 ©AMSpg RCN'TlffigP 1 1 ©^ti^ti© 

it6swi*2, 2<DAmm9RL^rmmi Komumm 
»ffUi#©2 8 icj: o^^en-sAiiajg ©Mi4ft)Se 

, mie^MgiS ftffi-fe > -9- 2 3 {C J; 0 if «ij ^ti^mS 

^JW<*2 ©/*JS:^fPffl.'#.©iag€:Hl^-r ■&«S;'3f'Pffl,"=&. 

[0 06 9] ttc. mwmmmi 1 e «. Bfria#f**'C^ 
j]n»a»aj^m 3 2 ccj; ^#^*a.c^©^l^iSlg a ©f^- 

iBifieJSm{4a#m^l9:3 l?C<J;SgWf*2©SmSI5 1 

2 ©#f+*.i:>cc>Ff-r ^ (4g©7" - ^ t mnrnti^mmnm 

^S2 4 tc i^SWft 2 ©Mtl»^*^©fiJ»T*S*©T-'"^? i 
t > r 2 {c f-^ffl-r SeRS:^©««fil**a?) S * 
JS^fi^^m 3 6 i . c ©mJS:^©Jtl«fil© ^ i W 
i*:^gPttilffimm^-©3 3 fCj: ?>S«lf$2 ©AIig|59 R 

o'TiiSB 1 1 ©S'i:^©flniS)a©f-"" a? iWf^sgpftjjna 

)SSffi#K3 4 iCj; 5SWf*2 ©AiSgP9 RO'TiSgP 1 
1 ©ftttjaiffi©-?--- iJ5RJK;^fm*«i^#S:3 5 fc J; 
^*Syf3f^ffl*©«^fig©f^- 5? i B?f2Wf*'^#^tti 
^132 8 (Cj;^. §-)Blf*2©Aflia59 RO-'TtSaP 1 1 ©-e- 

n-en©fflMftffie>c, 0d©f'-i't*ffli,»rsw^2 

-So 

[0 07 0] ;^5c. ±ai®siSL$!ia^a i e ©§^15© 
[0 07 1 ] :^mkmmvu. m^itArs 1 *i^ff^© 

M*2©jllti*ff ^cci^^or. MM*2, 2*«;*3if 

[0 07 2 ] ■r^c*^^. tr. m»mmms 1 e a, w 

tepf*aftiwwf^ia2 4©<2is*iitf^-s, c©»{*a 
ftjWK^ig 2 4 ©«!tjiT«, Buia-t*- ^ i')i'it ■{ Amic. 
mnm^±rmmm-iz>^2 1 {cj:5BMgi53©±iPi#^ 

ISI©»^M)S©^^m•r- ^^35^^5 e. D*5EJ6/cBff^©|ig^i 

itblS^nSo -^u-c. ltijaas©*?ttJffi*i^©Bifii;& 
M;?. tc i # ic , BuiaH 1 ( b ) iciK L. it J: ^ ^j:MW^J# 
fio, BfllBHl (a) Cc^KU/c^fc^^c^ 

©*tf Bi!F(c . 6 MWj£m:^Si-^©i^tf © 

I^CCt*. )fi»PW©)WI*2*i«)5R-r-S>Ci-C> jaMg58© 
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[0 0 7 3 ] ^fc. m»Mmmm^m2 4<Di^mr:iit. 

F f, F r (0 1 ( b ) #M) (OmMmO)"? i5 . ArBlCDii 
fTl^rajCCSt L r fMiJCDJWf* 2 ^C^S^iS:^ F r= ^ CF r 

X, f rz)CD«^fa (if L < umwmmmm. 1 6 (DBuiii<?) 
rx^^Fr^Y) f)^$>(bt^oibmmcm'^(Dmm (bs ro j 

ixm-f)^^T L . K-:>mm^m\tPMi)^mii^f ^ t mm ^ n 
vx. mm^xm^mnhn . i.^mi)^~yi<Dmw2'.c%h 20 

[0 0 7 4] iiitiCDi: 9 rmm^mmm^m, 2 a amm 

a. sfti^i34coftascDft^ai7^-^7:)^6. m^^^ii^-^i^y 30 

4d wsp 4 (DMM^ js 9 si^mt^-^ ^ ^jiy^^M.m 
^cm:x>Ri^hti^. mm^c^ mmmmnmmi^m2 5 

(DmEx: fit . mMmmumm.'^ > if 2 0 s mm^ t^-^-f 

[0 0 7 5 ] 1^. FixJ^v^i-H^P-fe^lf 1 4. 1 Q^Ccfc 

ao = ^ (ao X, ao z) 

= ^ Cap • cos^ b- aq • s1n 

[0 0 8 5 ] :j«^cc. mwmmm. 1 6 luiBsaBs^c^ 



2 0 0 3 - 8 9 0 8 3 

20 

[ 0 0 7 6 ] ;X^c, ?S®MJl^g 1 6 m^mi^^m 

mm^m2 s(Dmmtmtmmmmmnmm^2 kd^ 
[0 0 7 7 ] mimw^mw\^^i9L2 s j: ^s^ii-c 

*fe>r^M«^Cf(c*>n:rS#W*2<DAlli8gB9SUiT 

^6n^o -r^^c^b^. SPf*2CDAIig|59cDftB4ftJS0 
di. -ecDW*2^c»«3nri^SmiiSBSMgpll«-fe> 

if 2 2 ^c^i>mmm 8 cd® a^jka 6i cco^ta^- ^<o 

^mmt . wmmMmmmmm^ 2 5 j: 0 >fcd?) e 

txtcmm 3 (DMMftJS (9 bCD^[HlM<i: i^^ h:^^ ( 6 ) CC 
[0 0 7 8] ec^db+Adc (6 ) 

[0 0 7 9] c CT\ mm3mmnis,o bit. mim 

AJia39 cdTSSI5:0^APb1 1 (OmMmc^^mh^oiiCi^ 
9 3 (Z)#>6CC*f L T I«I4 L r C ^ 5 JS^JCiECD 

[0 0 8 0 ] ^ 6^c. &wf*2 cDTii^ 1 1 mmmm. 

0 m . ±ISCD J: ^ CC e AffiigP 9 CDMM ftJK 0 c 

co^Hfiii. mM{^2{mm^riXi^hmnmmmnm, 

•fe>-tf2 3Ccj:a^Kg51 OcDfflffiftSA^dCDfi^tHT^- 
-^©^[iliiii;^?^^:^^ (7) JcJ:0Sm5n'S. 
[0 0 8 1 ] ^d^^c-A^d (7 ) 

[0 0 8 2] ccx\ mmm i o <Dmmmmt. rmm 

14 L r c ^ ^ i©^ j^ciEcD fil i i^j: S 4>(Z) -c ^) « 
[0 08 3] */c. BSriaK»^jpjlffitti»i*©2 7 otes 

tt'SJjOiSJKao CaoX, a^z) 5?)^;X^Dcfc ^ (C^d66n 

gi5 3 (jm^k-n\P\(ommm.(om^ (o^mm: ap. lu 
/3PiiS(D^tfi7"-^o^iiitt^aqcb-r'Si. -en6<z)M 
^j*i56n/ciggp3cDftii4ftS0bcD^[pifa<h5^?^6. ;x 

^ (8 ) CCJ:0«*i-J^M^Cnc*>t:r^»pilJSa,-Uao 
X. aoz) ifi^^hXxh^ 
[0 084] 



0 b. ap • sin0 b+ aq • cos0 b- g ) 
( 8 ) 

^ 1 (DSKB«^B^SB(DS.C^(Df4g (#»ffi#3^Cp(DM 
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[0 0 8 6] [14CC7^^-rj:9ic. 

8 <i:l^5 ) ^Ct@^-r^Wf*R4<i: drills UrJ^cC^4> CD i L 

[0 0 8 7] Lr . c<Djz^ rmi^ 

Vly^^-T)lR(D&mH^Rl--R4^CMm't^Am 1 CD»Jf* 

[0 0 8 8 ] c c r\ mmmmmsi i 6 (tcnmMmux: 

C>^SM{*tS^'g(3CDS^C^Cl. G2. G3, CACDiiimU. 20 

m^. ^mimmsmm^c^Qx g2. g3. G40{ig?:aT 

:itf*WCci^. f^iJx.i^lll4Cc^'rJ:9^c. SAMSBQ 
(D-AC^CKDHmU , 9 CD^Mg5 8 <D tfi.ilN:;?)^ 6 A 

G2CDfsgii. i^.TJiigBi icommmi oo^^c^^^hTE^ 

[0 0 8 9 ]^. ±itm3 SOym^C^CACDiiLmU. J^CC 
K±f*gP3 8^C^-^ti^M(*7, 7CDIti#(Dfi^^ 
SC:t^:0^. MfB#tc4ot:fSS»Bf*7, —mcm^ 

3 8 <7:)S^l:^G4CD^4g^i ^ ^5 ct^^itj-ti-T. 0fJx. j^ra^i^^ 
[ 0 0 9 0 ] ifc. ^njfejKsg-c^i. (:§ 40 

W*2cD;^jiag|5 9S:C^"TIiSPl K MgR3 , ±i*S|33 
8) (DS^QnGI. G2. G3, G4<Df4g^^Tf''- ^CDffi. S 

[0 0 9 1]^. resp 1 1 (ommxt. .^^gp i 3 
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1^0 — AS^C. ±ie§BJf$lB^g|3CDM>[:^Gl. G2. G3. G4CD 

fig^. mm. v-^:x{t. ATScDmm^wmtmmm^ 

f-^ir^h. ±M^m{^^^U<Dmt^QX G2. G3. G4CD 

[0 09 2] Bui2^gpm>i:^f4g»m^ia2 9 5^. ±ai<D 
it#jj^i5 2 6 cc ct 0 ^ e n/ciftgp 4 ©mm^ 

( = J:f*g[5 3 80ffl*4ftfi) SS>'lB?g|53CDffl*4ft 

ffi 0 bCD^mfB t . iaPf*:^^#m^lS 2 8 (;c i: 53 * 
d?)6n/c&W*2cDAffig|S9S6'^TfiigBl KD^tl^tx 

(D^mims^^mm^\:^Qi. g2. g3. G4CDfug^53<d56o 

[0 0 9 3] C(DiS^\ &»(*tB^dR (&0f*2cDA«ii 

sP9SD^'Tiigpi 1 . mm 3. ±f*aB3 s ) (Dmmnm. 

Oa--e d^f}^±i^<D ^ o ^^cm^ 6 n r c ^ -6 CD -c . ^ cdmm 

ftJK 0 a-- 0 d CD "f- ^ t . SiHWaSSRCD Y XCDf^^ 

tS^gPCDM^C^Gl. G2. G3. G4CDf±g:^^^666tl^Ci<!b 

[0 09 4] AftWiCE^. m^.ill[4*#H§0r. [Bllll 

4 coaW^cf4g-r ^ Wft 2 CCK . AffiSfP 9 CDM»mm 

t'i(9c (.C(Dm^. a4'C^^0c<O-C*'5) r^-ScD 
T'. #f*rMl.^CpCCfcC:t €>AffiSia59 (Dfi^C^GlOfirgCD 
J^mt. (tl-s1n6?c, -tl'cos^c) i^'JT'So S/c. 
TJiapi 1 0#f*ffieJSCpCc4dtt^ftM4ftm*(9d (H 

4t?{^(9d<o) -e^^cDt?. mwmm^cpitc:^i^^T 

ct^i>t . ( Lc • s1n<9 c+ t2 • sinO d, - Lc • cos^ c 
-t2-cos(9d) iJ^cC^. f11l©Wf*2CDAlliigpgSC^TJBi 
m i 1 jfeCN^C. JMgp 3 Rl^±t^m 3 8 CDM>C^^COli•C 

[0095] c<D^'?(,cLx. ^mm^L^iiLmmti^!^ 2 

9 Cc J: 0 . »f*J$«^Cp(cfct:f S^W^+BSgpcDM.CvG 

1. G2. G3. G4CDf4g^>Rd?)fcf^. ?g»Mfl^g 1 6 

MiB#f*m^CN&gmai^g3 ocDMfintf mi 

mS^moym^L^QX G2. G3. G4CD{4gCDT'-^i. #P3( 

f«a^^PCDM«CD7^ - 3? <L ^ffiOT#f*j^tl^C pOC^b^ 
t:f^AraT 1 CD#f*S>i:^G0CDf4g (xq, zq) ^^^tab^. 

[0 0 9 6] c cx\ mitmmmcp(^c:^if^mm3(D 
M>i:^G3(DagS6'^M*-eti^n (xx z3) . m3. ±f* 

gP3 8CDS>(:^G4CD^^gR^"SS^^t^^^t^ (x4. z4) . 
m4. ArS 1 Ofi:^iCr&J;J)>-ora»JcDWf*2CDASiiSB9(?:) 
m^Q^GlCDf4gS6^*S*-€-n-en (xlU zIL) . mlL. 
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mmw2 cDTBggp 1 1 cDa^i:^G2(Df4gsa^ms^^n^ 

n (x2L z2L) . m2U Sffl'JOWf* 2 (7:>:^gP9 CDS^C^G 

i©f4gsc>MS^-enen (xm zir) . mm. mmi^ 
zcDTMSPi 1 cDm>i:^G20(igRc>ss*-en^n (x2 

R, z2R) , m2R. AKl CD^fi^M ( = mlL+ m2L+ mlR+ * 

xq-- (mlL • X1L+ mlR ♦ xlR+ m2L ♦ x2L+ m2R • x2R 

+ m3 • x3+ m4 • x4) /M 
zq= (mlL- zlL+mlR- zlR+m2L- z2L+m2R- z2R 

+ m3 ■ z3+m4 • z4) /M 
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*m2R+m3+m4) t^T^t. #f*^S^C p^C:fo&i'^ 1 
(?)#f*S>C^GOCD{SS (xq. zq) (9) ^Cj:05fcd?) 

[0097] 



(9) 



[0098] ccDj:^^cu xmitmc^iLmnm^m so lo 
nE»im^c^mmmwm^^ 3 2 cdms ^ . mM^miks 
[0 09 9 ] c<Dm^. mtm^c^mm&niii^ms 2 <d 

»ai^®3 0CCj:fjA}ces66ti^#f*MS^CpCC*sCt^ 
#f*lt>i:^G0(Z)f4g <xq, zq) CDff#^?Jj-r- 3? ^rffll^T . 
#f*@gtl^CpCC:foC:t^#^S'C^GO(Z)fjig (xq, zq) (D 

;S#^*S>C^C0C7:)»^^IES'(d''xcv/dt^ zq/dt:')7^)^:^^*• 20 
^n>S. ^Ur. CcDflniiS^Cd^xa/dt^. d^zq/dt^) 

'CaoX, a,z) <!:cr)-s>7 h ;l.fp^5}<i^aCcl:Cc:J:0 . 

[0 I 0 0 ] ^^c, fjiBjSm&S#m^^l53 1 CD^ilr 

s-r; mnmwmmm-&^$s.2S(>c^^)^^^tifc 
swf*2 cD:^BigB9 RcTFffisgfs 1 1 (D^ti^ticommn 

jS^c, 0dco7^-^<7:)^[pifiii. Sutas^mffiMftSftS'J 30 

^(D^mmt. KAMgP9Ro^TiiiiSPi icDi^-Yx (s 

'5>sw*2CDj£mi3i 2(D^mi^m^hn^. mtmc 

mi., rmul \ (o^^ immmx ocD^^.c^jo^eje^-gn 
i2^rcos^) ^Ld^-r^i. #f*M*i.^Cp^.c*5tt 

^SifgP 1 2CDf4gcDMM (xl2, zl2) ^3:. (Lc • sin 
0c+Ld-sin0d, - Lc • cos0 c- Ld • cos^ d) i J^C-S) 40 

(mo. ia4ri'^0c<o. 6id<0) . ffe:^<0Mift:2i;c 
[0101] ^br. cosirgBi 2cD#f*)^M3^Cp 

^c:fo&t^fug (xi2. zi2) im(fB#f*M>i:^{ig@m*l5 
3 0 J: 0 6n/c#f*MS^C pCC:bH:f ^#f*S>i:^G 
OCDfig (xq, zq) cO-r- i^CD^|pIfa<L . #f*m>[:^ 
Go(c*t-r^SJWf4:2cDJ5^-irgpi 2<?:){4g-^^ h;U^Cxl2 
-xq, zl2-zq) . •ttjlfy^. ttflBS^ (5) CC^jCtSA 
Xf, AZf, AXr, AZ r^^^^^e^^en-S^ 

[0102] ;^^c. S»®ffi^|g: i 6 mfiB^s^S so 



;i/ ^ ^ *ij»T s ntcMi^ 2 (Dmmmiimm^n 

^\mv^^m'^^cu. Are! i (D»mMR.Tjmtimm&s 
(om ( c n 6 ^ 6 D mw^mmmm i 6 ^ciett ^ n 
ri^^) f?ia#{*s>i:^»njss#m^m3 2ccj:0:>tt 

ea!>6n/cM^^JS^*C fJC*>&:f S»^**^C^GO0D^JPiiJKa 

-'(ax, az)0^|nlf{i6>5?^6. f?iaS (2 ) CCJ:5:}. 
«tifeOri^^W*2Ccf^ffl-r^J*JS:;^jF -^CFx. Fz) 

2 (jSfinMo«if*2) ^ci'^m-^^m^Mt. ^(0. 0) 
[0 10 3] i^fc. mwMmmm^^^2A{c^^^M<o 

g t . Mia#(*m^wjDiig»m^S3 2 cc^ 0 ij<^s!)6n 

fc*g>(tlli5j^C fJc^jti-S^^MvCNGOOflPiUKa - ^ (a 
X. az)04-[Hlffii. miiB^m&g^m¥^S3 UCJ:0 
^ii) en/cSWf* 2 CD JSlfgp 1 2 cD#f*S.C^GO^C^T 
{^^(D^mmfOf-^ (5) CDAXf, AZf, AX 
n AZrCOf^'-^CD^Hfi) i:^&>e>. fuiSS (5) 
0 . &W*2ScDmS;^Ff='CFfx, Ffz). F r- 
' (F rx, F rz)<Dimmtmii>hni>. 

[0104] --fi. mwmmm. 1 6 ±ai<D j: ^ 
#f*M>c^{4g^au^P53 0 . #f*»i:^^jDaaflnji^»m 

^®3 2, Slrf4g#ffi^l^3 1. R^-^SWiS^I? 

3 6 (omm t Ml L r . mtmi^mmmmni^m^ 3 

3. l»f*^SPft/JPiittfiLffl^l53 4. ^s^fm-^.Ji^ 

[0105] ccDJ^^\ SaiaWf*^B^jpiiffi»ttJ^iS3 
3 (om&nu. ffrta#fM^i:^fln2JK»iu^® 3 2 ©Mil 

gStti^ia 29^C<J:0^^6n^ #f*)lti^ C p^C ^"tt 
S^Wft 2 oraf^a^gpr^ ^ AMSR 9 SD^TiggB 1 1 
CDM^C^Gi, G2CDf4gcD^n-en(Z)ff#^^Jr^'— j7^fl3C^ 
r. #f*mil^CpCc4d^t^Ali$f59RCi^'T«igf5 1 ICD 

s^[:^Gl. G2CDfig(D-en^-no2Ptf*55^fii. -r^:^:^^. 
#^ffi«^CpCc*$ir:t^AJBigP9S2>'TaifP 1 1 OS^C^g 

X G2CD^n^ncD^)PilJS (#f*MtSISCpOiE,'?,Ot(:^^ 

HfftBSi|lflnaSi+S(^S2 7CCj:^MSP3<D*fe 
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M§|3 9 RL>'TffiSi5 1 1 (D^ n-etitD^njiis ( J: «3 P L- < 

[0106] * fc, fji3i|I{*:&g(5ftttIiiffiSffif^©3 4 
2 8 J: 0 e. n S swift 2 (7):;*:ilgp 9 ^RS^TBi 
fflt^^r. it;^i8g|59SC/TgiSg|5 1 1 ©-eti-etiMMftS lO 

6. f^ft2©S^gpi 3 (D.(^JS:^fm* ( S^gPl 3 
^<D-< f- ;l/ ( smgp 1 2 Cc*fr ^Ji5S:tifPfi.-#.CD 20 

[0 10 8] -r^'*^^. ^mmM^ommcjzin'a. m 

ittLrc»SW*2©;^|agp9©ftg|4:ft(g0 c-^S*Mgp 1 

•r^o CCr. AM§|3 9(Dft(DMI4fta0c(3:, M*2 
/i^AFal 1 ©mfflHcsJlC>'^ J; ^CcAffiigpg *S!gg|53 
(C>FtL/rfflML-Cl»^<i:# (pi|^«H2<DAra 1 ©Pi* 

(c(^75^or;&fSj©»pf*2 ) ©ftgrafeD. lEcommnm. 

e dA . Wft 2 Ar^ 1 © Birffl'lK S J: ^» 4C AMSP 9 
*«gP 3 ©«'D 5C*J- L. r MM U r (, i .5 i ^ ( «H 2 

©Ara 1 ©B«:J7 5cfSj3!)i-or3E{fj©)«ift2 ) ©ftS-e* 

•So 

[0 1 0 9] -eC'C. *^jS[fe0.1S-c(J. a5&2>'H6© 

i ^.fiiKS;*fFfS or, c ©iafKS;*vil^i2is^g i 
6cc*)63&^D&iatiiSJ#3-tirt,>^o -ec-r. Huiaj^is 

S 2 8 cc J: !-j ^ify 6 n ft: Amgli 9 ©MM ft a e c©^|nl 

[0 1 10] CC-t:, ia5S:Cfia6©J:^{J:. AegP9 
©MMftSe c*^®/)N(ii^J#-otiMMfi^t:». AMa59 
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§151 3©M*^«*L't:*^6':)$5tASSiim-r-S$-C©Bfiia 
tiMMt^©^^^. A)liiSP9©MM«a0c3!):iiEr'*.|. 
Ili©ffl (^srtia i©m. ia6r-«b l©tB) i. 

ABifig|59©<g#.4ftaec75sfiT:\ fio, Aii§P9©ftiM 

ftS0c©sfi:aa> BP-^, AiaiH59©M*4^aa*^A 

-C*-5>ll2©tB (a5-C«a 2©+B, ^8-C«b2© 
ffl) i, A!igaB9©MMftffi0cAS:ft-C\ ao. AMSP 
9©Mf4ftaa*iiE-C^)€,l^3©+i (H5-C»a 3© 

ti, laeriJb 3©ta) im^L. 
h;L'©xi*:^[SjfS^, ztt::^rsi)?£^©-en^*a{c-:>i» 

fc, H 5 ©tlMM^^ic few S H 1 fci: t>-|| 2 ©tg a 1 . 
a 2 €:^t>-t±/ctB©iafKi^«. I^S:^l'Pffl,-=^.-<i' hJU© 

P X= X, • 0 + X, • 0 C' + X3 ■ 0 C' + X. • 9 e + Xs • 

ed +x, • 9c+x, 

^Sn^o Sfc. ia5©fflM^(?R(C*jW.S03©tBa 3 
©iSft^ii. 

px=x, • 0c'+X9 • 0d+Xi„ • 0c'+Xii • 6>c+Xij 
il,^0ff5©4^X©^IIS;WII^ ( x.~x„«S^fii) (CJ; 

[0 1 1 1 ] Sfc, H6©+BraK{^ic*st:>-smi *sJ;0 
IP2©tgb 1, b 2 ?:^*Dti?ctB©i5fK^i*. m.EJji'^ 
ra*^ h ;U© Z lili7^I5J)iS5?-* p zi L r , f » 
P Z= Z, • ^ e + Zi • e + Za • 0 c' + z. • i9 c' + z, • 
6)e+z» • ec+z, 

it,^^ff$©6;X©^«S;MI^ (z,-z,»^^fii) 
^StiSo ll6©1=BMM^iCtel:fSIS3©tab 3 

©jafM^t*. m^\t 

pz=zi • 9c' + z, • 0c'+Zi. • 0c+zii 
it^e.Jf$©3;X©^:®jeMii (z.~zi.«5e^ffi) {CJ; 

[0 1 1 2 ] ^Ur. h;L'^:^d5.S|^ 

{J. AiiaR9©MMftS6>c©iEm*a^gij-r-si«(c. 

AlEigP9 ©ffli4ft*0 c©Bt^?iJf=- ^©-pgeS55--C» 

msnsAiigP9©«i4ftiia©iE:&*iisij-r-s„ S6 
tc. cn 6 ©asij 3 tifcfflMft a 0c©iEfiiffli4fta 

a©iEs i 6 tmmut -s. ^^fiisij u r . mm 

3 nfcffi©ifilK^tC AMSR 9 ©ffl«4ft a 61 c©^[51ffi>S: 

c ntc J: 0 , Angp 9 ©fflMfta 0 dnmpms^xcom 

[0 1 1 3 ] -^immX:'<X, W»2©AliS|59© 



10 



[0 1143 */c. «JS/jfm-^.ofig«. Mtfturo^ 
[0 115] $6^c. AfellJO^^^-Ccffi^i^-f'tS^Jc 

iiLmtmrnmi o<Dmmn^AOdit<Drs(^cm7 
H#) . 01 0 (mmr^jm) f)mtL'r^. e^^r. t^? 

[0116] ±Mmu<m&::^{m.^.(Dii&^mmLfc^ 

' ( rrij * a^x, nij • z) = ^ (F iX- F ^ x. 
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M^$st3 7 (Dm^^mnox. ^mitzommm i os 
3 3 . mi^^mnmmmwm^ms 4 . msitfim.^M 

0. flSM8B8^cf^fflt-S'^:-y> h;&«#^C5Res?)6n 
[0 117] S6ici¥*iic{i. HI l?:#MLr. S 



■r; &ttif*2corMgRi uc^^u. tuspi ico^umm 
oDsmn 2ocf^ffl-r^:^ (MhpS:^) . resRi 10 

MMbpI 0c7:)gP:5tCcf^ffl-r^:^ (BBgi5S:^) . RU^TM 

mi i<Dm^\:^G2<Di^mmm&^. ^ti^tmMmm^.c 
TBisR 1 1 <Dm'L^(jz(D^mmm^cm'r^ 

(10) <h?S^o 



F^z). ' (a^x. 
-So C(Dit. 

[0118] 
F I z- F 2 z-rriz 
a^x, FiZ-mj 



aeZ- 



[0119 
x, a2z)^i. 



I CCX\ TK§R1 1 CDS>[:^G2CDfl^jia" (a, 
mrifi W*&gPtt]iil?eLHi^lS 3 3 cc cfc 0 

gRl 2^cfl:ffl-r'S>P^gi5S.t''CFiX, F,z)i3:. MKB^^c 
teTMgpi 1 ^W'^'^W*2^coc^ri?tBii^J5:^fi 

LX(.^i>ti(^at. mmjxtj'cFrx. f.z)&^. mria^ 
(2) ^cj:f9 5}cjf>6n'5>mjg.:^^(Fx. Fz) r^bo. mm 
ii^2:^mmmcom{ix^^t^',c{t. ^cf^x, f,z)-' 
(0, 0)r*>^. s/c. wws:fftfc«Jcc4sc^r. 
2;!?^Affl 1 <Dmnys\^myji^cm^^'^xmM<Dmi^x$>^ 

/SSt;'CFrx, Frz) ^^0. t^Wf* 2 :?!;WfflJ CD »Pf*T; * 
^t^^at. tuia^ (5) (Z).^&:;f:jUFfx. Ffz) 

[0 1 2 0 ] JSor. &JWf*2(7)MKgpl OCCf'pfflT^^ 
loj • ==Mi - + FiX • t2' 
+ F,x 



30 



(1 0 ) 

3 CC J: 0 6 n/cTBSSlS 1 1 (DmC^Q2<DmMJSJ Ca 

, x. a, z')(D'f- ^ t . m^t^m'^^^^ 3 6 J: ^ify 6 
nS^S;^ ( = ^(F^x, F,z)) (Dr'-^t. TMmi 

i(D$>^f)^o^>Hi^htifcmmm,(Df-^t. mt}))UM 
mscomtf)^^. _hiB^(io) ^Ccto^e^j^n-So 
[ 0 1 2 1 ] El 1 1 ^mmux. rmm i i <d% 

1 lOJ^HgSl 0<DgP55'Ccf^«-r'S^-^> h^M.. 

TeSP 1 1 cdM^i:^G2CD[h1 comtt^- ^ > H ^lo z . T 

JE6SP1 i(Dm^\:'^Q2(DM^(DmuM^^a^<t'r^o t 
tc. mnm4(,cMit^^i±x. rmmi icom^toi^M 
gpi o<D^^\j^t(Dm(Dmm^t2. tjeispi KDM^^i 

^■mmi 2 t(Dmmm^t2' (-Ld-t2) t^^t. 

TKSB 1 1 cDS.C^G2CD[oI 0 (OmisaajCC^T 'g>il»j:^r?M 

'^X^ (11) ii^jr^o 
[0122] 
COS0 d-FiZ • t2' • sinOd 
t2 • cosO d- Fi z • t2 * sine d 



40 



Ml ^Mi * 0J2 +FiX • t2' ^ COS0 d- Fi z * t2' • s1n(9 d 

+ F2X* t2 • cos(9d-F, z- t2 • sinOd 

(11) 



(16) 



[ 0 1 2 3 ] c cr . S ( 1 1) 1^^ ( 1 

^Hi^l52 8 oc J: 0 *i66n^TJIiSSR 1 1 OMMftgr 
"CF^x. F,z)&3:. MiB^ (10) {CctO*s?)6ti 

[0124] Kfor. mmmi o^cf^m-r^'t-^> h 

H «S:^fi^^K 3 6 cc J: ^ms^offt^fiicoT^^^ 

' CF3X, (FjX-mx • cTiX, 
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ttrtdS (10) J: 0 >)<^s66n/cMgpS:^^ Cf, X, F. z) 
cDr^- ^ i . ^^^^C ^^ii>fcTm^^ 1 1 cDStt^-- ^ 
>Mo2. -y-H^:^' (Ld) , «-i:^G2<D{4S(t2)CD'r=^-i^<b 
^^6mriB^ (11) Ccj:0>}^a66n^. 
[0 1 2 5] Mgp^-->^>h*SS#a3 7('i. ilBOJ: 
^ UTTIffigB 1 1 (DmmB 1 0 (DSB^^Cf^ffl-r S't-- 

r. AMSP9cDBmgp8CC)gP5>CCf^flS-r^^--y > h?: 

m^^o c<Dmm<Dm^mu^^Mt. j^^gpiocD^ 

[0126] T^c^D^. $-r\ ^^JPSBQcdS^iInGI (04 

#M) cDafciiai»ccM-rsa»*?i^cca-:5<;j^s; ( 1 

2) (miid^ (10) iRDff^cD^) CCcfcO. :/^iSgP9 
^oaSMgp 8 OgR^J^^Cf^fflf €>M8pJ^;^^ (F3 x, z):0^5}c 

[0127] 
F^z-mi • aiz-nfii • 

(12) 

^ [0129] AI!2gC9C0S'G^GlOlp|^JCD[p||ga 

iftCCM-rSiltbT^IM^CcSox ( 1 3 ) (ffJitiS: 
(11) ilulOff^cD^^) ^cj:D. ^iagP9cDfl5raHi5 8(D 

Cc f^^ -r ^ ^ - ^ > h r4 5^)^ * ^6 6 n ^ o 
[0130] 



i® 1 



[0 1 2 8 ] CCt;\ ^CF.x, F^z)^^. TfeCCBulfi^ 

(1 0) (<cj:^)^it^tcmmm i oomBJ^-tjv$)^. $ 

cfc y ^Ri?) e.n'S:^!iiffl39 c^)S^C^Gl(?:)*fe:^(^ i^^S^X f 

Mj ^ - lo 1 • a 1 + F2 X * tl' • COS0 c- F2 z • tl* • sin0 c 
+ F3X* tl- cos0c-FjZ' tl- sin0c 

(13) 

[0131] ccv. wiit. mifss (11) ccj:o^^ -mimt. m^i^AmKDmi^mwjr^m^ ( 

[0134] SuiEL /c^f ^^aa^g 1 6 <DmimcJ:'0 

(Dmi^m) (ommmtom^^m i 2-11 1 4(ci^t 

tifcmmB 1 0 i^m^mm 8 cd^-^^ > h cDjt^facDS 
H^fbo^s-?-^iai 5cc^$0ri?rj^T^o ccr. 01 

40 2 1 5 Ara 1 fj^w-m^m^-^m&vmf l 

fcm^<Dm^s^ m 1 3 [txm 1 T^^^ptis^^tf ur^-o/c 
m^<Dmfr;. m 1 4{*APeT 1 m^j-i^cm-yfcim^^hM. 
iz>±^^->fcm^(Dmmr^^^. c(Dm^. mi 2-01 

mm (mf^::b(DMimcim'r^i><D) mmMr:mm^ 
nro^^. ^fc. mi 5X'\ith)\^^^-^m^m^>xm 
mm 1 0 ikmmm s co^-y > h ^m^'j c^/ctb^^'j 
(mmB 1 os^flSMgp8<D^-y > hoKfajctB^-r 

50 [0 1 3 5] lai 2-01 4?:#fl§bt:H^6:i&^J^j:<J:^ 



en/cMga® 1 ocD^-^> "(F^x, F.zVit. m 
IBS ( 1 0 ) ttcx^)^^ibtifcmmm 1 o<DmmM.ti. 

'QF.x, F.zyrJ:. fffifi^^ ( 1 2 ) ^ci: S3 5Rj56n/cfl§ 
ft*nMjg»m^©3 4 JCJ: J:)>}c566n^AM^|19 0ftJn 

1' KM® 1 0(Dc[3>[:^;^?^6AlilJl3 9cDM>i:NGl^rcO 
S&ai (EI4r^iLc-tl) r^O. Ctihlit. ^ib:^^Cisb 
3}td?)/cS^C^Gl<D{4g-^ AMSP 9cD1?-'rX(S$):^^i3^ 

[0132] i^}.±$mLTcmm^K mnmnmmmm i 
&wf* 2 CQ^M® 1 0 j^mmm s ccf^ 
[0133]^. *B^$ffl*rcDi?ffl):ci?iB^i^*BS'r-s 
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[0136] «±<Dj: ^(c. ■^mmm^cjziiu. m» 
iSAi A^A^€> ct ^ ni:-\z:yv^mm l- o -r ^ c i < , aa 

Mgp8-^flSMti5 8{cS«t;^cft)a-fe>-t*-2 2, 2 3^. 10 
lift 5 (C«{t L/c^i'^'D 42 >1M 4, 1 9SC>1JDaK 
•fe>-9-15. 20. 2 1 il,*^ J:•5^cJ:k^5W/J^S-C•SS 
^c-fe>-'f*fflc^r&«Pi*2{cf'pffl-r^*S;f7^, SW* 
2 0^Bflg58Sa'BM8Sl 0(cf'pffl-rs*"^> >; 

[0137]^. i:JL±mmLfcmmmvit. 
©JS^sctj, -f -r ^^2>^f^||^Jf^|;f^[5JCDSQa(S•fe>-^^ 
[0 1 3 8 ] sfc, mtmmmvit. wft:2©aifttt 

.^?:«»r-rS/caf)JC. Mg|5±TftniSa-b>-t^2 1 CD^m 

fijx. mri a^floaaiti'j^© 2 7 ic J; 0 6 ti -5. |g 
Km^^ c re cDMBP 3 (Dttias a , (Digii::!^ (6) ( z my; 

[02] 2^^?gcD-ii]itefjsi{c *j w ^ t 40 
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[03] 02(D^g{C<i;^*?S|#i!igiilg(DaSg^^H^ 

[05 ] jim*'ff^{cfcwS)*S:;'jfm'^,'^i/ hiKDjt 

[H6 ] a^^tfB#CC*$WSfRJS:'3fm'^.'^i' h;KZ)iS 

Ho 

Ho 

[H8] m'T-iL-^ k.i3^<omc^''>i ^mKM'^m!^,^^ v 

Ho 

[HI 1 ] m3(Dmwmmms(omm'f:--^>bim^ 
[H 1 2 ] 4imM(Dmmjimicj:'')^m^tircm'^mf 

[H 1 3 ] ^^m<Dmmmm!,cj:i}i^it>p>tifcmm±fj 
[H 1 5 ] ■i^mmmmmf.riiin^^hnidmmm'BL 

[?^-^©sJiB^] 

1 -AraT (HSi&tf^Sbf*) . 2-Wf*:. 3-Mg|3. 4 
-mU. 5 8-HSMi5- 9-AMg|5. 10 -M 

MliS. ll-TMSP. 1 2-Smg|5 (!|f^^fi[) . O- 
S»*o 
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l^ia 2 0 0 3 - 8 9 0 8 3 
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